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1. Introduction 


Bakowski, M., Filipiak, A. & Fric, Z. 2010: Foraging behaviour and nectar use in 
adult Large Copper Butterflies, Lycaena dispar (Lepidoptera: Lycaenidae). — 
Entomol. Fennica 21: 49-57. 


The foraging behaviour of the endangered butterfly Lycaena dispar Haw. was 
examined in a wet meadow in Poznan (western Poland) in the summer of 2003. 
Observations showed that the males spent more time resting (11.3% compared to 
5.9%) and less time nectaring (24.8% compared 35%) compared to females. The 
mean time of one visit on a flower was almost three times shorter in males than in 
females. In total, adults visited flowers of nine nectar plant species, the most fre- 
quent ones were Inula britannica, Lychnis flos-cuculi and Cirsium arvense, 
which were some of the most abundant plant species there. We observed differ- 
ences of nectar plant use between sexes and generations of the butterfly, but did 
not confirm preference for the plant colour. 
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1978, Shreeve 1992). In addition, the differences 
in colour vision and recognition were repeatedly 


Butterflies are often considered to be opportunis- 
tic foragers that visit a wide variety of available 
flowers (e.g. Sharp et al. 1974, Dósa 1999). How- 
ever, their choice of flowers is not random and 
they often exhibit distinct flower preferences that 
can differ between species (Jennersten 1984, 
Murphy et al. 1984, Tudor et al. 2004). 

Flowers are not a homogeneous resource. 
Different flowering plants differ in nectar compo- 
sition. Moreover, nectar concentrations vary with 
time and season in response to such factors as 
weather conditions and exploitation (Corbet 


recorded even in butterflies of the studied genus 
Lycaena (Bernard & Remington 1991). 

The choice of plants as nectar sources by but- 
terflies depends on different factors, one of them 
being innate colour and pattern preferences (Ilse 
1932, Jolivet 1986, Dósa 1999). The profitability 
of butterfly foraging depends in part on the co- 
rolla depth and clustering of flowers. The probos- 
cis length limits the range of flowers from which 
nectar can be extracted (Corbet 2000, Porter et al. 
1992). Learned behaviour is also a prominent fea- 
ture of flower constancy (Goulson et al. 1997). 
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Several authors have shown that the nectar qual- 
ity, quantity and concentration affect the longev- 
ity and reproduction of butterflies (e.g. Murphy et 
al. 1984, Hill & Pierce 1989, Erhardt & Ruster- 
holtz 1998, Rusterholtz & Erhard 2000). Al- 
though the foraging behaviour of butterflies has 
been a subject of interest to many authors, their 
food preferences and the range of plant species 
chosen as a source of nutrition are still poorly rec- 
ognized. 

In butterfly conservation research, determin- 
ing the list of plant species used for nectaring, as 
well as the spatio-temporal differences in their 
use, has been frequently overlooked, in particular 
with respect to species that require specific man- 
agement programs (Baz 2002). This may repre- 
sent a potentially limiting gap in knowledge, es- 
pecially because nectar shortages may reduce 
adult longevity, decrease fecundity (e.g. egg mat- 
uration: Jervis et al. 2005), and increase emigra- 
tion from breeding sites (Fred & Brommer 2009). 
All critical components of butterfly habitat need 
to be understood for conservation programs to 
succeed (Dennis 2004, Vanreusel & Van Dyck 
2007). 

In this study, we quantify nectar plant use by 
adults of the Large Copper butterfly, Lycaena 
dispar (Haworth, 1803). In contrast to intensive 
interest in larval host-plant specialisation of the 
species (e.g. Webb & Pullin 2000, Martin & 
Pullin 2004 a, b), the nectar-plant requirements of 
adults have never been a subject to a focused 
study, although some sex-specific differences in 
nectar plant use has been found for Lycaena 
xanthoides Boisduval (Severns et al. 2006) as 
well as for other species of the family Lycaenidae 
(Rusterholtz & Erhard 2000, Bakowski & Boron 
2005). We particularly study differences of food 
resources in relation to the occurrence of butter- 
flies in different periods of the flight season, and 
sex-specific flower preferences and foraging be- 
haviour. 


2. Methods 
2.1. The species 
The Large Copper Lycaena dispar, a wetland 


species of butterfly, has been recognised as one of 
the most endangered butterfly species in Europe, 
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especially in the north-western part of continent. 
It is known there as three subspecies, the nomino- 
typic one which occurred in the Britain and went 
extinct in middle of 19 century (Pullin 1997), the 
L. d. batavus (Oberthür, 1923) is distributed in 
western part of Europe, whereas L. d. rutilus 
(Werneberg, 1864) is distributed in the eastern 
part of the area. The rapid decline of its wetland 
habitat in north-west Europe has drawn attention 
to its vulnerability, and resulted in its inclusion in 
the Bern Convention on the Conservation of Eu- 
ropean Wildlife and Natural Habitats, and in An- 
nexes II and IV of the EC Habitats Directive as a 
species requiring strict protection in its own right 
and designation of special areas of conservation 
(Pullin et al. 1998). However, its status differs 
among individual regions of Europe. The butter- 
fly species is extinct in the UK and declining in 
other countries of NW Europe, but is apparently 
stable in Central and East-Central Europe, and 
has expanded its range in the Czech Republic, Es- 
tonia, Latvia, and Poland (Lai & Pullin 2004) and 
also in southernmost Finland. It also expanded 
from lowlands to higher altitudes (Konvička et al. 
2003). In Poland L. dispar is legally protected and 
listed as endangered in the national Red Data 
Book (Buszko & Nowacki 2002). 

Despite recent expansions across Eastern Eu- 
rope, the Large Copper still belongs to important 
species of wet meadows and effective conserva- 
tion is important even for its stronghold in Po- 
land, as inappropriate management can be de- 
structive even for numerous populations (Kon- 
vitka et al. 2008). Effective conservation of a 
given species requires the knowledge of its cur- 
rent distribution, biology, and resource use. 

The species’ preferred habitats are riverside 
and lakeside areas, mostly wet meadows, but it 
can be found at drier sites as well. In Poland the 
still widespread bivoltine subspecies L. dispar 
rutilus occurs over a range of wet and moist early 
successional habitats and feeds as a larva on a 
range of species in the genus Rumex, preferring 
Rumex hydrolapathum Huds and R. aquaticus L. 
(Buszko & Mastowski 2008). 


2.2. Study area and field work 


The field work was conducted in 2003, from early 
June to late August in a wet meadow in Głuszyna 
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Table 1. Differences between females and males of L. dispar in records of selected categories of behaviour re- 


lated with numbers of observations. 








Category of 

Behaviour Males (%) Females (%) chi p 

First generation 

Chasing 7.11 0.41 14.97 0.0001 

Nectaring 21.48 35.63 10.80 0.001 

Basking 21.48 17.81 0.99 0.319 

Resting 14.52 6.07 9.70 0.002 

Reproduction 0.00 4.45 28.52 <0.0001 
N 665 N 252 

Second generation 

Flight 36.10 42.31 1.48 0.224 

Chasing 9.92 0.38 23.04 <0.0001 

Nectaring 27.27 34.23 2.57 0.109 

Basking 17.67 15.00 0.73 0.393 

Resting 9.05 5.77 2.46 0.117 

Reproduction 0.00 2.31 20.79 <0.0001 
N 908 N 260 





(UTM XT 39: 52°19°26’’N, 16°56733’’E), — a 
village about 5 km south of Poznan (W Poland). 
In the pilot study in 2002 we confirmed the occur- 
rence of L. dispar in the study area. 

The behaviour of L. dispar was observed 
along a fixed transect route (240 m long and 5 m 
wide), which crossed the entire meadow. We 
walked along the transect for four hours per day 
on average, and 24 days in the season, and we re- 
corded all individuals of this species. For each en- 
countered butterfly, we recorded the time of ob- 
servation, sex and behaviour. The following cate- 
gories of behaviour were recognized: Flight-Pa- 
trolling (searching flight is not always distin- 
guishable from flight), Chasing other butterflies, 
Nectaring, Basking (sitting with open wings), 
Resting (sitting with folded wings, often hidden 
in a vegetation), Reproduction (any behaviour 
unambiguously connected with reproduction, 
such as copulation, egg-laying etc.). 

Along the transect, all random contacts of 
adults of L.dispar with flowering nectar-produc- 
ing plants were recorded. Flower visits were re- 
corded only if a butterfly definitely probed a 
flower rather than was just resting on it. The dura- 
tion of the visits was also recorded. The contact 
duration was counted from the moment of dip- 
ping the butterfly proboscis in the flower corolla 
till the moment of its withdrawal. The observa- 
tions were made from a distance of about 1.5 m. 


The abundance of vascular plant species along 
the transect route was recorded using the semi- 
logarithmic DAFOR (dominant, abundant, fre- 
quent, occasional, rare) scale. DAFOR values 
were converted to a 0-5 score (0 = absent, 1 = 
rare, 5 = dominant) prior to analysis. Plant names 
follow Rutkowski (1998). 


2.3. Statistical analyses 


A common problem with data analysis is colline- 
arity of predictors (Graham 2003), as it limits the 
validity of standard regression techniques. Such 
problems are avoided using ordination methods. 
We computed differences in nectar plant use be- 
tween sexes and generations using Canonical 
Correspondence Analysis (CCA). The CCA is a 
multivariete direct gradient ordination technique. 
It allows for multiple regressions of unimodal 
data and, contrary to indirect ordination tech- 
niques such as the Principal Component Analy- 
sis, allows testing data patterns against independ- 
ent predictors, using permutation techniques. We 
treated the four sex-generation combinations as 
predictors (in the analysis software called “Envi- 
ronmental variables”) and plant species visits as 
dependent variables (called “Species variables”), 
using individual observations as sample rows. 
Uneven number of observed individual butter- 
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Table 2. Differences between females (F) and males (M) of L. dispar in the number and mean durations of one 
visit (s) on nectar plants for both the 1° and 2” generation. The abundance of flowering plants is shown as 


DAFOR (for Dafor, see Fig. 1). 











Plant species Plant abundance Colour Percent of visits | Percent of visits Time 

(DAFOR scale) of in | Gen in Il Gen (s) 

——— flowers ——— 

| Gen II Gen F M F M F M 
Lychnis flos-cuculi L. 3 0 violet 49.4 56.1 — — 209 96 
Ranunculus acris L. 0 2 yellow — — 15.2 7.7 14 18 
Achillea millefolium L. 0 2 white - - 7.7 2.9 322 58 
Cirsium arvense L (Scop.) 3 2 violet 47.3 43.9 6.5 = 219 107 
Lythrum salicaria L. 1 4 violet - - 31.6 11.6 92 43 
Inula britannica L. 0 4 yellow — — 38 75.4 94 46 
Iris pseudacorus L. 1 0 yellow 3:3 — — — 61 — 
Mentha aquatica L. 0 2 violet - - 1 — 112 — 
Myostis palustris (L.) 

L em. Rchb. 0 1 blue - - - 2.4 - 25 
Echium vulgare L. 0 1 blue — — — — — — 
Centaurea stoebe L. 0 1 violet — — - - - - 
Cichorium intybus L. 0 1 blue — — — — — — 
Tanacetum vulgare L. 0 2 yellow — — — — — — 
Calystegia sepium (L.) 

R. Br. 1 1 white - - - - - - 
Geranium pratense L. 1 1 blue — — — — — — 
Chelidonium maius L. 1 1 yellow — — — — — — 
Potentilla anserine L. 2 1 yellow — — — — — — 
Caltha palustris L. 1 0 yellow — — — — — — 
Trifolium pratense L. 2 2 violet — — — — — — 
T. repens L. 2 2 white — — — — — — 
Lotus corniculatus L. 1 2 yellow — — — — — — 





flies per day prevented us from using analyses of 
split-plot design, i.e., rectangular pattern within 
space and time. Therefore we used continuous 
day number since the first observation as a co- 
variable describing time structure, and permuted 
the transect data in individual blocks. 

In the next analysis, we were interested in ef- 
fects of nectar plant variables on butterfly visits. 
Therefore we summed all butterfly visits (total 
duration of nectaring and number of visits) (as 
“Environmental variables”) of each plant species 
(samples”) and computed differences between 
individual plant species according to the plant 
colour (Species data”). We used DAFOR values 
as a co-variable, as different plant species were 
not evenly distributed across the transect route. 

For the computation of CCA, we used Canoco 
for Windows 4.5 (Leps & Smilauer 2003), and 
computed the analyses with Hill’s scaling, vari- 
ables with time spend on flower were square- 
rooted and we used 999 permutations for non- 


parametric Monte Carlo permutation tests. All the 
other analyses (Chi-square, linear regressions) 
were computed in Statistica 6.0 (StatSoft). 


3. Results 


The total number of individual observations (N) 
of L. dispar was 2085 (507 females, 1,578 males). 
The first generation adults were flying from June 
4 to 30, second generation adults from July 28 to 
August 25. The number of observations of the 
first generation individuals was 917, the number 
of second generation individuals was 1,168. The 
total time recorded for all individual behavioural 
observations was 37 hours and 36 minutes. The 
time of the greatest foraging activity was from 
12:00 noon to 2:00 p.m. Table 1 presents the be- 
havioural differences between females and 
males. 

It appeared that the females flew with a lower 
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Fig 1. Number of flower 
visits of Large Copper, 
Lycaena dispar, (F, j= 
40.01, p <0.0001) and 
visit duration (Square- 
root transformed: Fiat 
47.19, p <0.0001) with 
relation to plant abun- 
dance (DAFOR scale, 
i.e. “dominant, abun- 
dant, frequent, occa- 
sional, rare”, the semi- 
logarithimc scale, 
where 1 represents rare 
species and 5 the dom- 
inant species). Note 
that all available flower- 
ing plant species were 
included in the models 
and the data for the 0 
both seasons were 0 
combined. 


No. of flower visits 


Sqrt(duration) 


speed and spent more time foraging than males. 
The mean time of visits on one flower was 56 s for 
males, and 147 s for females (log transformed: F i 
5657 24-66, p < 0.001) (Table 2). After feeding on 
one flower, females usually flew to a subsequent 
flower, and rarely returned to the earlier visited 
plants. Consequently, they moved away from the 
locations where we initially observed them. The 
behaviour of males was different; they often flew 
far away from the initial location, but used to re- 
turn to the original site, sometimes several times. 

From 21 species of flowering plants (exclud- 
ing wind-pollinated ones) recorded along the 
transect, only 9 species were visited by adults of 
L. dispar (Table 2). 

The butterflies of the first generation were 
most often found on flowers of C. arvense and L. 
flos-cuculi. The females of the second generation 
most frequently visited the flowers of Lythrum 
salicaria while the males nectared most fre- 
quently on the flowers of Z. britannica (Table 2). 

Both flower visits and duration of visits 
strongly correlated with relative plant abundance 
(DAFOR) (Fig. 1). 

Nectar plant use differed significantly be- 
tween generations (trace = 0.304, F = 25.605, p= 
0.001), between sexes (trace = 0.076, F= 6.148, p 
= 0.0010), and also when we treated each sex and 
generation separately (first canonical axis: eigen- 
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value = 0.323, F = 27.176, p = 0.001; all axes: 
trace = 0.469, F = 13.438, p = 0.001) (Fig. 2). 

However, we did not observe butterfly prefer- 
ence for flower colour, neither when using data 
about duration ofnectaring, nor number of flower 
visits. There were no differences between genera- 
tions (duration, first canonical axis: eigenvalue = 
0.573, F = 7.605, p = 0.1390; flower visits, first 
axis: eigenvalue = 0.492, F = 5.728, p = 0.2290), 
nor between sexes (duration, first canonical axis: 
eigenvalue = 0.056, F= 8.825, p = 0.1150; flower 
visits, eigenvalue = 0.051, F = 6.087, p = 0.240). 
Also when we treated separately each sex and 
generation (duration, first axis: eigenvalue 
0.611, F= 5.42, p=0.106, all axes: trace = 0.688, 
F = 2.618, p = 0.083; flower visits, fisrt axis: 
eigenvalue = 0.569, F = 4.996, all axes: trace = 
0.603, F= 1.909, p = 0.1950), we did not find any 
significant results. 


4. Discussion 


There were clear sex-specific differences in be- 
haviour of L. dispar in Poznań. Compared with 
females, males were more frequently resting or 
perching (the latter was indistinguishable from 
resting) (males 11.3%, females 5.9%) than 
nectaring (males 24.8%, females 35%). Perching 
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Fig 2. CCA ordination of preference of nectar plant 
species, visited by Lycaena dispar. Centroids of nec- 
tar plants and both butterfly sexes and generations 
are presented. Individuals of the first generation pre- 
fers the plants on right part of the panel, summer 
males prefer plants on left part and summer females 
show affinity to the upper part of the panel. 


was the predominant male behaviour also in the 
related species, Lycaena hippothoe (Linnaeus) 
(Fischer & Fiedler 2001a). In addition to their 
specific flower use, males and females of L. 
dispar also differed in their foraging behaviour, 
particularly in the distance between successively 
visited flowers and times of feeding. Females of 
L. dispar spend more time foraging than males. 
The mean time of one visit on a flower was almost 
three times shorter in males than in females. Un- 
fortunately our data do not allow us to estimate, if 
the difference between the sexes were due to 
protandry of males (for instance recorded in 
Fischer & Fiedler 2001b) or due to different 
flower preferences. 
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Unlike females, males return to the same 
flower more often. This behaviour of the males 
was probably related to their territoriality, as sug- 
gested by the results of studies performed in the 
Netherlands (Pullin 1997) and France (Lafran- 
chis et al. 2001), and the results of other studies 
on lycaenids (Douwes 1975). 

Data on plants being sources of food for adults 
of L. dispar have been given by, among others, 
Ebert (1991), Weidemann (1995), Pullin (1997), 
and Lafranchis et al. (2001). These authors 
pointed to a strong dependence of L. dispar on L. 
salicaria. Our observations confirmed that L. 
salicaria is one of the frequently visited nectar- 
producing plants of L. dispar butterflies in the 
second generation, but not the main one. Despite 
the frequent occurrence of this plant over the area 
observed, the L. dispar butterflies (especially 
males) chose more often the flowers of I. britan- 
nica. 

The first generation of L. dispar most often 
visited flowers of L. flos-cuculi, blooming in 
June. Relatively often the butterflies also visited 
the flowers of C. arvense, blooming in the period 
coinciding with both L. dispar generations. This 
is more evident for the second generation, using a 
wider range of plants species than the first gener- 
ation, probably due to a greater availability and 
diversity of the food base in July and August. The 
observations may also imply that the second-gen- 
eration individuals preferred flowers with differ- 
ent nectar compositions, as it was proved for 
Polyommatus bellargus (Rott.) (Rusterholz & 
Erhard 2000) and others lycaenids (Bakowski & 
Boron 2005). 

Pullin (1997) showed that Cirsium palustre 
(L.) Scop. and Valeriana officinallis L. were so- 
metimes used as an alternative nectar source to L. 
salicaria. Weidemann (1995) pointed out that fe- 
males of L. dispar most often visited flowers of L. 
salicaria, while males visited the flowers of Inula 
salicyna L., and our observations confirmed these 
observations. Lafranchis et al. (2001) indicated a 
preference in L. dispar for flowers of Knautia ar- 
vensis L. (Coult.), Pulicaria dysenterica (L.) 
Bernh. and Mentha aquatica L.. They also recor- 
ded frequent visits of the butterflies to the flowers 
of Ranunculus acris L., R. repens L., Potentilla 
reptans L., Lythrum salicaria, Sambucus ebulus 
L., Eupatorium cannabinum L., Senecio jacobea 
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L., Centaurea nigra L., C. thuillieri (Dostal) Du- 
vigneaud et Lambinon, Cirsium arvense and 
Mentha suaveolens Ehrh. 

Ebert (1991) indicated that L. dispar butterfli- 
es of the first generation were most often found on 
flowers of Valeriana procurrens Wallr., Leucan- 
themum vulgare Lam., Ranunculus acris and Cir- 
sium arvense, whereas individuals of the second 
generation were found on flowers of Pulicaria 
dysenterica (L.) Bernh. (most often), Lythrum sa- 
licaria, Mentha longifola (L.) Hudson, Tanace- 
tum vulgare L., Senecio jacobaea L., and Sinapis 
arvensis L. The differences are surely due to dif- 
ferent flowering seasonality of the plant species 
(Rutkowski 1998). 

Unfortunately, none of the data on flower 
preferences of L. dispar published so far have 
been tested in relation to the abundance of indi- 
vidual plant species, and thus these preferences 
remain speculative. 

Ebert (1991) and Weidemann (1995) suggest 
preferences of males of the second generation for 
yellow blooming plant Inula salicyna L. or Puli- 
caria dysenterica, despite the common occur- 
rence of L. salicaria at the study sites. Our results 
also suggest that despite the common occurrence 
of L. salicaria in August, it was favoured only by 
females, whereas males most often chose the yel- 
low flowers of Z. britannica. 

Ebert (1991) suggested that the adults of L. 
dispar preferred violet and yellow flowers; 
choosing white ones less often. This is similar 
with our results, but statistical analyses did not 
confirm this correlation. On the other hand, but- 
terflies frequently nectared on violet and yellow 
flowers (Ilse 1932, Dósa 1999, Jolivet 1986). 

The diversity of the food resources is signifi- 
cantly dependent on the differences in habitat of 
L. dispar. However, on the basis of our own ob- 
servations and literature data it can be concluded 
that the most important nectar plants for L. dispar 
are: Inula spp., Cirsium spp., Mentha spp., Vale- 
riana spp., Centaurea spp., Lythrum salicaria, 
Pulicaria dysenterica and Lychnis flos-cuculi. 

It is often assumed that butterflies have no 
specific flower preferences, and that their feeding 
behaviour is governed by the distribution and 
abundance of available nectar plants (Murphy et 
al. 1984). It has been shown that butterflies re- 
member and associate certain stimuli — such as 


the preferred taste of nectar — with the shape and 
the colour of the flowers, and then choose flowers 
of similar features (Weiss & Papaj 2003). This 
can also explain the nectaring on certain flowers, 
but this factor seems to be of secondary impor- 
tance. 

Schultz and Dlugosch (1999) suggest that res- 
toration of the degraded habitat by augmenting 
adult resources will play an important role in 
managing populations of the butterflies. The po- 
pulation size of a selected species of butterfly in- 
creased as the nectar diversity increased. Better 
knowledge of specific flower and nectar prefer- 
ences of butterflies is also relevant for their con- 
servation because adult feeding could play a sig- 
nificant, so far underappreciated role in the repro- 
ductive success and longevity of nectar-feeding 
butterflies. Highest numbers of adults of the re- 
lated Lycaenia virgaurea L. was recorded on 
flower-rich patches by Schneider et al. (2003). 
Marschalek & Deutschman (2008) found that a 
presence of nectar sources was the best predictor 
of distribution of Lycaena hermes Edwards. 

Conservation measures should focus on the 
maintenance of not only the larval host plants of 
L. dispar, but also the food resources of the adult 
butterflies. The data on nectar resources for the 
Large Copper butterflies should serve for the 
management of the species in future conservation 
programmes. 
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